H -bipyridinium thiocyanate, C 10 H 9 N 2 + ÁNCS À , the cations are disordered over two sets of sites with occupancies of 0.845 (2) and 0.155 (2). The ions are linked into simple chains by a combination of NÐHÁ Á ÁN and CÐHÁ Á ÁN hydrogen bonds, regardless of the orientation of the cation. In 2,2 Hbipyridinium picrate, C 10 H 9 N 2 + ÁC 6 H 2 N 3 O 7 À , the bond distances in the anion indicate a markedly non-classical electronic structure; the component ions are linked by a combination of six independent hydrogen bonds, viz. one of NÐHÁ Á ÁO type and ®ve of CÐHÁ Á ÁO type, into a complex chain containing ®ve distinct types of ring. The ions in 2,2 Hbipyridinium hydrogensulfate, C 10 H 9 N 2 + ÁHSO 4 À , are linked by a combination of ®ve hydrogen bonds, viz. one each of OÐ HÁ Á ÁO and NÐHÁ Á ÁO types, and three of CÐHÁ Á ÁO type, into complex sheets built from two one-dimensional substructures, each in the form of a complex chain of rings.
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Comment
Two series of salts can be formed by 2,2 H -bipyridine in which the cation is either monoprotonated, C 10 H 9 N 2 + (Kavitha et al., 2005) , or diprotonated, C 10 H 10 N 2 2+ (Nakatsu et al., 1972) ; the monocation can act as an acid, as a base or as a ligand. As part of a study of the coordination properties of this cation, we report here the molecular and supramolecular structures of three related organic salts, viz. 2,2 H -bipyridinium thiocyanate, (I), 2,2 H -bipyridinium picrate, (II), and 2,2 H -bipyridinium hydrogensulfate, (III) (Figs. 1±3) , and we brie¯y compare the structure of the latter with that of its close analogue 2,2 H -bipyridinium perchlorate, (IV) (Kavitha et al., 2005) .
In (I), the cation is disordered over two sets of sites, with re®ned occupancies 0.845 (2) and 0.155 (2) (Fig. 1) . Each orientation of the cation is nearly planar, but the N atoms are on opposite edges of the cation. Likewise, in each of (II) and (III), the cation has a nearly planar conformation, with the two N atoms on the same edge of the cation. In each compound, there is a short NÐHÁ Á ÁN contact within the cation, but the NÐHÁ Á ÁN angles are very small (Tables 2, 4 and 6). The internal angles at protonated atom N11 and unprotonated atom N21 (Tables 1, 3 and 5) show very marked differences in the expected sense (Domenicano & Murray-Rust, 1979) , with complementary differences in the internal angles at atoms C12 and C22. The two exocyclic angles at each of C12 and C22 differ by ca 10 , always in the sense that the NÐCÐC angle is the smaller angle and the CÐCÐC angle is the larger angle (Tables 1, 3 and 5) .
In the anion of (II), the nitro group at the 4-position is almost coplanar with the phenyl ring, but the nitro groups at the 2-and 6-positions are both twisted well out of the plane of the benzene ring, with dihedral angles between the nitro planes and the benzene plane of 46.3 (2) and 20.5 (2) , respectively. The sense of these rotations is such that the anion retains approximate mirror symmetry. The bond distances within the ring indicate very marked deviation from regular hexagonal geometry, with the C31ÐC32 and C36ÐC31 bonds very much longer than the others, while the mean CÐC distance for the C32ÐC33 and C35ÐC36 bonds is somewhat less than the mean distance for the C33ÐC34 and C34ÐC35 bonds. In addition, the C34ÐN34 bond is shorter than the C32ÐN32 and C36ÐN36 bonds, while the C31ÐO31 bond, which is a single bond in the classical representation of the anion (IIa), is extremely short for such a single bond but is comparable to the mean value (1.222 A Ê ; Allen et al. 1987 ) of C O bonds in benzoquinones. These observations, taken all together, indicate that (IIa) is an inappropriate representation of the picrate anion here, but that the quinonoid form (IIb) and the pentadienide form (IIc) are both important contributors to the overall molecular±electronic structure.
In the anion of (III), the SÐO(H) bond distance exceeds the other three SÐO distances by more than 0.1 A Ê , while the OÐSÐO angles involving protonated atom O1 are systematically less than the other OÐSÐO angles (Table 3) .
Regardless of the orientation of the cation, the components in (I) are linked by one NÐHÁ Á ÁN hydrogen bond and one CÐHÁ Á ÁN hydrogen bond (Table 2) , so forming a C 1 2 (6) chain running parallel to the [001] direction and generated by the c-glide plane at y = 0.25 (Fig. 4) . Two such chains run through each unit cell, but there are no direction-speci®c interactions between adjacent chains.
The component ions of (II) are linked into rather complex chains of rings, which may alternatively be described as perforated ribbons, by a combination of one NÐHÁ Á ÁO hydrogen bond and no fewer than ®ve CÐHÁ Á ÁO hydrogen bonds (Table 4) . Within the selected asymmetric unit (Fig. 2) , the ions are linked by the co-operative action of the NÐ HÁ Á ÁO hydrogen bond and one of the CÐHÁ Á ÁO hydrogen bonds, generating a simple R 2 2 (7) (Bernstein et al., 1995) motif in which the acceptors are the two O atoms of a single nitro group. Three CÐHÁ Á ÁO hydrogen bonds acting in concert link these ion-pair aggregates into chains of rings; atoms C13 and C23 in the cation at (x, y, z) both act as hydrogen-bond donors to atom O31 in the anion at (À1 + x, À1 + y, 1 + z), while atom C14 in the cation at (x, y, z) likewise acts as a donor to atom O21 in the anion at (À1 + x, À1 + y, 1 + z), so generating by translation a chain of rings running parallel to the [111] direction. The ®nal CÐHÁ Á ÁO hydrogen bond links antiparallel pairs of such chains to form the overall ribbon; atom C35 in the anion at (x, y, z) acts as a hydrogen-bond donor to atom O42 in the anion at (1 À x, 1 À y, 1 À z), so forming a centrosymmetric R 2 2 (10) anion dimer centred at ( Figure 2 The independent components of (II), showing the atom-labelling scheme and the two hydrogen bonds within the asymmetric unit. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The independent components of (III), showing the atom-labelling scheme and the hydrogen bond within the asymmetric unit. Displacement ellipsoids are drawn at the 30% probability level. 2 ) (n = zero or integer) and the R 4 6 (22) rings centred at (n, n, Àn) (n = zero or integer). This central array of centrosymmetric rings is¯anked on each edge of the ribbon by strings of alternating single R 2 2 (7) rings, which lie within the asymmetric unit, and the edge-fused R 1 2 (7) and R 2 2 (8) rings, which are generated by translation. There are thus ®ve distinct types of ring within this ribbon structure (Fig. 5) , but there are no direction-speci®c interactions between adjacent ribbons.
The components of (III) are linked into complex sheets by a combination of OÐHÁ Á ÁO, NÐHÁ Á ÁO and CÐHÁ Á ÁO hydrogen bonds (Table 6 ), but the formation of this sheet structure is readily analysed in terms of two one-dimensional substructures. The NÐHÁ Á ÁO hydrogen bond links the two components within the selected asymmetric unit (Fig. 3) , while the OÐHÁ Á ÁO hydrogen bond and three independent CÐ HÁ Á ÁO hydrogen bonds link these ion-pair aggregates.
A very simple substructure is generated by the anions alone. Atom O1 in the anion at (x, y, z) acts as a hydrogen-bond donor to atom O4 in the anion at (x, 1 + y, z), so generating by translation a C(4) chain running parallel to the [010] direction (Fig. 6 ). This [010] chain is reinforced by one of the CÐHÁ Á ÁO hydrogen bonds. Atom C15 in the cation at (x, y, z) acts as a hydrogen-bond donor to atom O3 in the anion at (1 À x, À (Fig. 7) . A second one-dimensional substructure is generated by the concerted action of two CÐHÁ Á ÁO hydrogen bonds. Atoms C13 and C14 in the cation at (x, y, z) act as hydrogen-bond donors, respectively, to atoms O4 and O3, both in the anion at (x, 1 2 À y, 1 2 + z). In combination with the NÐHÁ Á ÁO hydrogen bond within the asymmetric unit, these two CÐHÁ Á ÁO hydrogen bonds form a C (100) sheet, but there are no direction-speci®c interactions between adjacent sheets.
Although (III) and (IV) have similar compositions, they crystallize with very different unit cells in different space groups, viz. P2 1 /c for (III) and Pc for (IV) (Kavitha et al., 2005) . Despite this difference, they form a common substructural motif in the form of the C 2 2 (8)C 2 2 (9)[R 2 2 (7)] chain of rings (Fig.  6) , generated by the action of a glide plane in (III) but by translation in (IV). There can be no anion-chain substructure in (IV), but all four O atoms of the perchlorate anion act as acceptors in hydrogen bonds, and the overall supramolecular structure takes the form of a rather complex sheet.
Experimental
For the synthesis of (I), a solution in methanol (50 ml) of 2,2 H -bipyridinium chloride (0.5 g) (itself prepared by the reaction between concentrated hydrochloric acid and 2,2 H -bipyridine in a 1:1 molar ratio in methanol) was added to ammonium thiocyanate (0.23 g) and the resulting mixture was heated on a water bath for 30 min. The mixture was cooled to ambient temperature, and subsequent slow evaporation of the solvent gave crystals of (I) (m.p. 401 K) suitable for single-crystal X-ray diffraction. For the synthesis of (II), a solution of picric acid (0.44 g) in methanol (50 ml) was added to a solution of 2,2 H -bipyridine (0.3 g) in methanol (50 ml); this mixture was then warmed on a water bath for 15 min. After cooling of the solution to ambient temperature, slow evaporation of the solvent yielded crystals of (II) (m.p. 398 K) suitable for single-crystal X-ray diffraction. Compound (III) (m.p. 418 K) was prepared in a similar manner using 0.5 g of 2,2 H -bipyridine and 0.36 ml of concentrated sulfuric acid.
Compound (I)
Crystal data Hydrogen-bond geometry (A Ê , ) for (I). 
Compound (III)
Crystal data For (I), the systematic absences permitted Pca2 1 or Pcam (= Pbcm, No. 57) as possible space groups; Pca2 1 was selected and con®rmed by the structure analysis. Crystals of (II) are triclinic; the space group P1 was selected and con®rmed by the subsequent structure analysis. For (III), the space group P2 1 /c was uniquely assigned from the systematic absences. All H atoms were located in difference maps and then treated as riding atoms with CÐH distances of 0.95 A Ê , NÐH distances of 0.88 A Ê and an OÐH distance of 0.94 A Ê , and with U iso (H) values of 1.2U eq (C,N) or 1.5U eq (O). For (I), the re®ned occupancies of the major and minor orientations of the cation were 0.845 (2) and 0.155 (2), respectively; in addition, the crystals of (I) were found to exhibit inversion twinning with twin fractions 0.57 (7) and 0.43 (7).
For all compounds, data collection: COLLECT (Hooft, 1999) ; cell re®nement: DENZO (Otwinowski & Minor, 1997) Symmetry codes: (ii) x À 1Y y À 1Y z 1; (iii) Àx 1Y Ày 1Y Àz 1. 
